Respiratory tract infections (RTIs) are the major causes of mortality and morbidity in children and lead to hospitalization in developing countries. However, little is known about the epidemiology and seasonality of respiratory viruses in the pediatric population in Wuxi, East China.
Background
Respiratory tract infections (RTI) are a major public health issue in both developed and developing countries, causing nearly 19% of all deaths among children under 5 years and 8.2% of all disability and premature mortality [1] [2] [3] [4] . Especially in developing countries, RTIs-induced mortality is high. RTIs are mainly caused by viruses, and the most commonly detected viruses among children with RTIs are respiratory syncytial virus (RSV), influenza virus A (FA), influenza virus B (FB), parainfluenza viruses, and adenoviruses [5, 6] . Most infections are limited to the upper respiratory tract and only 5% involve the lower respiratory tract [7] . RTIs are associated with a greater risk of pneumonia and bronchiolitis [8] .
Due to lack of vaccines for most of these respiratory viruses, a better understanding of the prevalence of RTIs in children is essential for implementing an effective approach for prevention, control, and treatment. The distribution of respiratory viruses causing RTIs varies based on population, climate, and socioeconomic conditions [9, 10] . In China, the prevalence of respiratory viruses has been investigated in Beijing [11] , Shanghai [12] , Shenzhen [13] , and Guangzhou [14] , but the epidemiology of respiratory viruses in children with RTIs in other parts of China has not been reported, and there are no reliable population-based data from this region to account for the large numbers of related deaths in children [2] .
Wuxi is a major city in Eastern China with a population of 6.5 million people in 2014. It lies on the southern border of Jiangsu province, about 128 kilometers (79.5 miles) northwest of Shanghai, with a typical subtropical monsoon climate. However, limited data are available on the epidemiology of respiratory viruses causing RTIs from children in our region. Our study is the first to assess the epidemiology and seasonality of respiratory viruses in the pediatric population in East China.
Material and Methods

Patients and specimens
The study protocol was approved by the Institutional Review Board of Wuxi No. 2 People's Hospital and the study was conducted in accordance with the principles for biomedical human research as set by the Declaration of Helsinki. Written consent was obtained from the parents or guardians of the children.
There were 2160 specimens taken from children (£14-yearsold) tested between 1 January 2010 and 31 December 2016 in Wuxi. Selected patients with RTIs admitted to the pediatric wards were enrolled. The inclusion criteria were: cough, hoarseness of voice, and sore throat, combined with a body temperature above 38°C. The nasal and throat swabs (NTS) were analyzed at the Laboratory of Medical Microbiology within 2 h. The patients were divided into 3 age groups: 0-1, 2-3, and 4-14 years. The following underlying conditions in medical records were recorded: bronchitis, pneumonia, asthmatic bronchitis, and other respiratory diseases. The seasons were defined according to the seasonal division method in the northern hemisphere: March to May was considered as spring, June to August was considered as summer, September to November was considered as autumn, and December to February was considered as winter.
Isolation of RNA
For RNA isolation, a Maxwell 16 Total Viral Nucleic Acid Purification Kit (Promega Corporation, Madison, WI) was used according to the manufacturer's instructions and the isolate was eluted in 50 μL of RNase-free water.
Conventional Multiplex RT-PCR [15]
To confirm the viruses, the PCR used was a multiplex real-time PCR assay and the RV12 ACE detection kit (Seegene; Seoul, South Korea) was used according to the manufacturer's instructions. Respiratory syncytial virus (RSV), influenza virus A (FA), influenza virus B (FB), parainfluenza virus I (PIV I), parainfluenza virus II (PIV II), parainfluenza virus III (PIV III), and adenovirus (ADV) were assessed. Random hexamer-primed cDNA synthesis products were generated using the RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Scientific; Carlsband, CA). Briefly, parallel 20-μL reactions were set up, each containing RV12 mastermix, 8-MOPS contamination control reagent, and 3 μL cDNA. One of each pair was supplemented with 4-mL primer mix A, and the other with 4-mL primer mix B. Thermal cycling conditions were as follows: 15 min at 95°C, followed by 30 cycles of 95°C for 30 s, 60°C for 90 s, and 72°C for 90 s, followed by a single incubation of 10 min at 72°C. Afterward, amplicons were detected by gel electrophoresis.
Statistical analysis
Statistical analysis was performed using SPSS 13. Comparisons of categorical variables among groups were performed using chi-square or Fisher exact test. P<0.05 was considered statistically significant.
Results
Characteristics of the study population
From January 2010 to December 2016, a total of 2160 samples from patients who presented with RTIs were investigated in the study. The median age of our population was 4 years old. The specimens were collected from 1167 males (54.03%) and 993 females (45.97%). Among the studied population, 684 were outpatients and 1476 were inpatients. The demographics of our study population are summarized in Table 1 .
Prevalence of respiratory viruses
The presence of the viruses was confirmed in 35.19% of cases, among which RSV predominated. Of the positive samples, RSV was associated with 370 cases that accounted for 17 Table 2) . Co-infection with respiratory viruses was identified in 36 children. Co-infection of FA and ADV or ADV and FB were detected in 12 samples, while co-infection of RSV and PIV II or PIV II and PIV III were detected in 6 samples ( Figure 1 ). There were no triple or more co-infections. ADV was the most frequently found viral agent in co-infections (66.7%, 24/36) and they were seen in children aged 3-14 years old (66.7%, 24/36). All co-infection samples were from female patients.
Relationship between respiratory viruses and age
The highest detection rate for viral respiratory pathogens was observed in the 0-1 years group (243/496; 48.99%), followed by the 3-14 years group (311/955; 32.57%) and the 1-3 years group (206/709; 29.06%). RSV was the most frequently found respiratory virus affecting all age groups. In addition, FB diagnoses were made during outbreaks of various intensities that occurred in the 3-14 years group (Table 2) .
Seasonal variation of different respiratory viruses
Overall detection rates for respiratory viruses varied by year, ranging from 32.04% in 2010 to 39.7% in 2013 (Table 1) . During the study period, viruses were detected throughout the year, with a peak in winter (Figure 2 ). The most common respiratory viruses detected were RSV (368 samples). We also analyzed the seasonal variation of each respiratory virus (Figure 3 ). For PIV III, the detection rate was 2% in spring and 4% in autumn, but they were not detected in summer and winter. For FB, the detection rate was higher in summer than in spring, autumn, and winter.
Detection rates of respiratory viruses with different respiratory tract diseases
Infection with respiratory viruses was associated with bronchitis, asthmatic bronchitis, bronchiolitis, and pneumonia (Table 3) . Of all the respiratory virus-related diseases, pneumonia was associated with 334 cases, accounting for 43.95% of RTIs. Other related diseases were bronchitis (16.32%) and bronchiolitis (18.16%). RSV was the most common pathogen causing pneumonia (170 cases).
Discussion
RTIs cause a major health care burden and are associated with high morbidity and mortality, especially in developing Table 3 . Viral detection rates among the different respiratory diseases.
RSV -respiratory syncytial virus; FA -influenza virus A; FB -influenza virus B; PIV I -parainfluenza virus I; PIV II -parainfluenza virus II; PIV III -parainfluenza virus III; ADV -adenovirus. countries [16] . Although bacteria and fungi can cause respiratory infections, viruses contribute to a higher proportion of infections in infants and children. Therefore, identifying the prevalence of respiratory viruses is essential to prevention, control, and treatment of RTIs, especially during peak season. Our study aimed to evaluate the epidemiology and seasonality of respiratory viruses in the pediatric population with RTIs from January 2010 to December 2016 in Wuxi, East China.
More than 30% (35.19%, 760 samples) of the specimens showed evidence of infection with viruses. RSV was the most common virus detected, with the highest detection rate in children (48.42%). Our data suggest that RSV was the most common pathogen causing pneumonia (170 cases). The prevalence of RSV infections depends on the age of patients, and may be up to 50% in infants [17] [18] [19] , which indicates that infants are more vulnerable. Thus, children aged 0-1 years should be the major targets to prevent RSV infection. In addition, the ADV detection rate was 3.8% in this study, which was higher than in another study [12] . However, detection rates of FA, FB, and PIV viruses were lower than those in other studies [20, 21] . These discrepancies might be caused by differences in population, geographic area, and the socioeconomic status.
A declining infection rate in all viruses was observed with increasing age of children. Specifically, more children in the 1-3 years group appear to have had protective immunity against respiratory viruses than those in the 0-1 years group. However, a higher infection rate was observed in the 3-14 years group. This could be due to the exposure of children in kindergarten and primary schools, where children may have daily contact with other children who have viral infections. Children of this age may have immunity, but antibodies may be insufficient to provide protection against reinfections or infections that can occur in different virus strains. Dual viral infections occurred in a small number of children, which is similar to a previous study in Victoria, Australia [22] .
Studies have found associations between respiratory viruses and climate [23] . During the study period, respiratory viruses were detected throughout the year. Detection of respiratory viruses followed a seasonal distribution similar to previous reports in which a temporary peak was observed in winter. Since 2010, a wave of respiratory viruses has occurred every winter. Cold and rainy weather in Wuxi, located in East China, has created the perfect conditions for the replication of respiratory viruses. In 2013, the greatest increase in viral infections, in comparison with previous periods, was detected from children, which may be attributed to extremely cold winter during this period. The research in Changsha, located in the south-central part of China, showed that RSV infection was prevalent in late autumn and winter, but not in spring or summer [24] . However, a study in Guangzhou, located in southern China, found that the highest detection rate of viruses was in spring and the lowest rate was in winter [25] . These conflicting results may be due to geographical differences.
Conclusions
This is the first report to describe the epidemiology of respiratory virus infections in Wuxi, China, including the association of respiratory viruses and age, seasonal variation of respiratory viruses, and respiratory virus-related diseases. In our region, RSV is an important cause of RTIs during winter in children who are 12 months or younger. Our findings provide data for assessing the influence of respiratory virus infections from children in Wuxi, which could help to reduce the use of antibiotics and implement an effective approach for prevention, control, and treatment of RTIs, especially during peak season.
